Episodes of hypoxaemia are common usually in the 24 h after abdominal surgery [1] and are prevented by the administration of oxygen [2] . In a previous study [3] , we showed that patients prescribed oxygen by face mask on the first night after abdominal surgery did not always receive it because the face mask was removed for various procedures, including routine nursing tasks. After removal, the mask was often not replaced for many hours. When the mask was positioned correctly, oxygen 4 litre min" 1 maintained an average haemoglobin oxygen saturation (5p Oi ) ^ 95 % in most, but not all patients. When the mask was removed, oxygen saturation decreased. We concluded from this study that educating nursing and medical staff about correct oxygen mask placement might improve the success of mask administration of oxygen.
Episodes of hypoxaemia are common usually in the 24 h after abdominal surgery [1] and are prevented by the administration of oxygen [2] . In a previous study [3] , we showed that patients prescribed oxygen by face mask on the first night after abdominal surgery did not always receive it because the face mask was removed for various procedures, including routine nursing tasks. After removal, the mask was often not replaced for many hours. When the mask was positioned correctly, oxygen 4 litre min"
1 maintained an average haemoglobin oxygen saturation (5p Oi ) ^ 95 % in most, but not all patients. When the mask was removed, oxygen saturation decreased. We concluded from this study that educating nursing and medical staff about correct oxygen mask placement might improve the success of mask administration of oxygen.
Subsequently, we compared prospectively oxygen given by a face mask and that administered by a nasal cannula using an identical study design in the same two surgical wards as in the first study [4] . We found nasal cannulae were less likely to be removed than face masks. Although, in this second study, face masks were shown to be an unsatisfactory method of administering oxygen, compared with the first study, there was a decrease in the number of mask removals and the total time the mask was positioned incorrectly.
The nurses on the wards were unaware of the purpose of both of these studies. We presented the results of the studies to the medical and nursing staff of the wards concerned and undertook a third study to see if education could improve further the placement of face masks.
METHODS AND RESULTS
After receiving Ethics Committee approval and patient consent, we studied 15 ASA I-III patients undergoing elective abdominal surgery. Anaesthetic technique and postoperative analgesia were not standardized. The patients received oxygen 4 litre min"
1 by Hudson face mask and correct placement of the mask was confirmed at the start of the 8-h study period from 22:00 on the first night after operation. All patients were nursed on the same two surgical wards on which the initial studies were conducted. Before each patient was studied, the nursing staff on duty for the night were informed of the purpose of the study and were given verbal and written instructions to replace the mask as quickly as possible after every removal. The patient was told also that it was important to keep the oxygen mask in place. The technique used was identical to that of the previous studies [3, 4] . A video camera operating in ambient light was used to record the patient's face, the position of the oxygen mask and the time as indicated by a clock within the field of view. 5p 0j was recorded using an Ohmeda 3700e pulse oximeter. The oximeter reading was sampled approximately every 15 s and the digital value placed into a computer spreadsheet. The following were determined from review of the video recordings: (1) The number of times the mask was removed or replaced and the associated events.
(2) The duration of time that the mask was on or off. (3) Changes in Sp Oj with alterations in mask position. Table I shows patient data and results from this study (study 3) with corresponding information from the parts of the study already published (study 1 [3] ; study 2 [4] ). In this third study, there were two patients in whom the mask remained positioned correctly throughout the whole study period. Of the 37 times on which the mask was removed, only four (10.8%) were for longer than 10 min (one patient with one period of mask displacement and another with three); on all four occasions the mask was removed by the patient. The median time of mask removal was short, although total removal time was more than 90 min in one patient. In study 1, of 64 removals, 27 (42.2%) were for longer than 10 min and study 2, of 29 removals, nine (31 %) were for longer than 10 min. With the exception of one patient from study 2 [4] , saturation was greater in all patients with the mask on than when it was removed. COMMENT Our first study [3] was based on the hypothesis that patients may not always receive oxygen prescribed, because of mask removal. Results confirmed that masks were removed for many routine nursing tasks such as mouth care and temperature measurement. The masks were also removed by patients. When removed, masks were often not replaced during the study period and could remain off for many hours. In our second study [4] , nasal cannulae remained positioned correctly in almost all patients. In contrast, the face masks were removed frequently by patients or nurses. Compared with the first study, more patients had correctly positioned masks throughout the study. The median time per removal was less and fewer patients had a displaced mask for more than 10 min. In both studies, with one exception in whom the mask may not have been connected to the oxygen supply [4] , patients had a smaller value of oxygen saturation during periods of mask removal and this may be undesirable, especially in high risk patients [5] .
Both earlier studies were carried out in the same two surgical wards and the nursing staff were unaware of the purpose of the studies. During the period of the studies, it was becoming routine for patients to be prescribed oxygen for the first night after abdominal surgery. The apparent improvement during the second study may have been caused by a change in nursing awareness of the importance of postoperative oxygenation, reinforced by the presence of an anaesthetist ensuring that the oxygen mask was positioned correctly at 22:00 in study patients. This suggested that instructions to the nursing staff regarding the need to replace the mask might improve mask placement. The study presented here completed the audit cycle of identifying a problem, changing practice to improve care and then repeating the study to see if an improvement has taken place [6] .
With growing awareness of the importance of postoperative oxygen, and with additional instruction to both nurses and patient, the face mask remained on and positioned correctly for all but short periods in almost all patients. It remained necessary to remove masks frequently for nursing tasks, although the nurses usually replaced the masks immediately afterwards. Some patients removed their masks, presumably because of discomfort, and in these the nurses did not always ensure the mask was replaced immediately.
If oxygen is administered via a face mask, correct placement is essential. The face mask continues to be an important method of administering postoperative oxygen if only because the mask may be more comfortable than the nasal cannula used in our previous study (Kendall Curity) [4] and it is necessary in patients with obstructed nasal passages. Face masks have to be removed for routine nursing tasks although, with training and instruction, these necessary episodes of removal are brief. Delivering oxygen through a nasal cannula may obviate the need for removal to perform nursing tasks, although cannulae also may not remain positioned correctly in all patients [4] . Other methods of administering oxygen, such as a sponge-tipped nasal catheter (Uno Plast, Denmark) may be more comfortable and more likely to remain in position than either a face mask or traditional nasal cannula.
The purpose of administering oxygen is to prevent hypoxaemia and, as long as it is effective, the method of oxygen administration is irrelevant. Postoperative oxygen is not necessary for patients who do not have hypoxaemic episodes, and does not always correct hypoxaemia when it occurs [3] . Postoperative monitoring with pulse oximetry would detect patients who need oxygen, aid recognition of episodes of mask or nasal cannula displacement and identify patients in whom further intervention to prevent hypoxaemia is necessary. In the absence of such monitoring, and where oxygen is administered by face mask, it is important that the mask remains positioned correctly. In this situation, patient and staff education may be necessary to prevent frequent mask displacement.
